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INTRODUCTION 

The mechanism of chemical carcinogenesis has been explained by either a two-stage theory 
f*ov a multi-stage iheory which consists of initiation, promotion and progression stages. In 
; these stages, the promotion stage is long-term and reversible reaction, and the development of 
Isanti -tumor-promoters has been regarded as the most effective method for the chemoprevention 
of cancer. 

We have been extremely interested in the chemoprevention of cancer by natural products. 
As a continuation of our chemical and biological studies on the potential anti-tumor-promoters 
tchemoprevenlive agents), we carried out a primary screening of many kinds of natural 
. products (flavonoids. qumones. trilcrpenoids. alkaloids, euglohals and crude drugs) using 
their inhibitory effects on Epstein-Burr virus early antigen (EBV-EA) activation induced by 
12-O-leiradeeanoylphorbol- 13-aeetaie (TPA) which has been known as a strong promoter 
(Fig. I).' And. many compounds that inhibit EBV-EA induction by TPA have been shown to 
act as inhibitors of tumor promotion on two-stage carcinogenesis tests in vivo. 

In this paper, the anti-lumor-promoting activities of some triterpenoid glycosides isolated 
from Japanese and Chinese traditional medicinal plants and their potentials for cancer chemo- 
preventive agents are described. 



SAPONINS FROM WISTARIA BRACHYBOTRYS 

The knots of Wistaria hrachybotrys Sikb. el Zucc. (Leguminosae) are hard swellings or 
masses formed in the wood, used in Japanese folk medicine for the treatment of gastric cancer. 
From this knots, six new glycosides (1-6) were isolated together with three known glycosides 
(7-9) and four known isoflavonoids (10-13). and structures of new compounds were 
characterized by NMR spectra such as 'H-'H COSY, l H- , : C COSY, l H-' -C long range COSY 
and difference NOE experiments as shown in Chart 1 . J Compounds 7-9 were identi ficd with 
j" authentic samples isolated from soybeans. 5 
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Chart 1. Saponins and Isollavonoids from Wistaria hrachyhoirys 



The primary screening test ol iliese compounds was carried i>ut utilizing a shorl-ierm in 
vitro assay on EBV-EA activation as shown in Figure I. In this assay method. Raji cells 
carrying EBV genome were inctihaled in a medium containing //-butyric acid. TP A and various 
amounts ol the test compounds. Smears were made from the cell suspension and the EBV-EA 
inducing cells were stained by means of an indirect immunolluorescence lechnk|ue. 
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retire 1. Method i»l Synergistic Assay en EBV-EA 



Inhibitory effects of the constituents from W. brachybotrys on the EBV-EA activation and 
the viabilities of Raji cells used as indicator cells in this assav method are shown in Table I . 



Table 1 . Percentages of EBV-EA Induction in Presence of Saponins (1 -9) and 
Isoflavonoids (10-1 3) with Respect to Positive Control ( l(K) f # ) 1 
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1 Values represent percentages relative in the positive control value( 1 00'# ). 
" Values in parentheses arc viability percentage of Raji cells. ' not detected. 
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Figure ^. Inhibition ol TPA-imlueed tumor promotion hy multiple application 

til soyasapoum I (7). afromosin (1 2>aml eombmaiion ot 7 with 1 2. 

Treat men is of all mice were initialed with DMBA (l(X)ug. 3 l M umol) and promoted 

with TPA (1 ue. 1.7 mnol) given twice weekly scming 1 week alter initiation. 

A: Percentages ol mice with papillomas. B: Average number ol papillomas per mouse. 

#. control TPA alone: . TPA + X5 muni ol soyasaponin I (7 >; I |. TPA + X5 nmol 

ot alroiiiiisiii (I 2); ©. TPA + 42.5 umol ol soyasapoum I + 42.5 nmol ot afromosin. 



papillomas per mouse (about 40?; reduction even at 20 weeks) (B). Furthermore, on the 
positive control. KMMf of mice bore papillomas even at 9 weeks of promotion and more ihun 
10 papillomas were formed per mouse alter 20 weeks ol promotion, in the group treated with 
soyasaponin I (7), only 2(Mf mice bore papillomas at k ) weeks ol promotion, and less than 7 
papillomas were formed per mouse even at 20 weeks of promotion. And. in the group treated 
with isollavone (1 2). only 30% and 60'.? of mice bore papillomas at V and 13 weeks of pro- 
motion, respectively, and less than 7 papillomas were formed per mouse at 20 weeks of pro- 
motion, as similar to 7. Further, combined application of 7 with 1 2 strongly enhanced the 
inhibitory effects both on the rate of papilloma-hcaring mice (only 4()7t of mice bore papillo- 
mas even at 10 weeks of promotion, and 20<# reduction even at 20 weeks) and on the average 
number of papillomas per mouse (only 4 papillomas were formed. 6(Mf reduction even at 20 
weeks). From these facts, it was deduced that the saponin, soyasaponin 1(17). enhanced the 
activity of the isoflavonoid. afromosin (12). These results strongly suggested that soya- 
saponin I (7) combined with afromosin (1 2) might be valuable as an antitumor promoter in 
two-stage chemical carcinogenesis. And these results also support the concept of synergistic 
effects of plural constituents in crude drugs. 



SAPONINS FROM GLEDITSIA JAPONICA 
AND GYMNOCLADUS CHIN EN SIS 



Gleditsia japonica Miqkl (Leguminosae) is widely distributed in Japan, and the fruits of this 
plant having a large amount of saponins had been used as a Japanes folk medicine for diuretic 
and expectorant. In these fruits, many kinds of new trilerpenoid saponins and were found 
their struemturcs were determined by chemical and physicochcmical evidences/' All of these 
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Of these glycosides, 1, 6 and 7 exhibited remarkable inhibitory effects on EBV-EA acti- 
vation, but 1 and 6 have strong cytotoxicities on Raji cells. Further, of the Lsofluvonoids. 
moderate activity was observed only in compound 1 2. In our experiments, the remarkable 
inhibitory effects of soyasaponin I (7) and afromosin (12) (more than 55-47% inhibition of 
activation at 5 x mol ratio/TPA and 4X-24 6 /r inhibition of activation at 1 x mol ratio/ 
TPA) were stronger than those of glycyrrheuc acid, which is known as a strong antitumor 
promoter, and they preserved the high viability of Raji cells. These in vitro results of consti- 
tuents ol'Wixmria hrathybotrys strongly suggested that these compounds (7 and 1 2) might be 
valuable ami-tumor-promoters as well. 

There! ore, the inhibitory effects of 7 and 12 on two-stage carcinogenesis of mouse skin 
papillomas, using dimeihylben/U/lanthraccne (DMBA) as an initiator and TPA as a promoter, 
were investigated (Fin. 2). 
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Figure 2. Mclhoil nl" Two-Staizc Carcinogenesis Test 



Because that soyasaponin I (7) is a major constituents and afromosin (12) is a major 
isoflavonoid in this crude drug, the combination effect of 7 with 12 was also investigated. 

The inhibitory activities, evaluated by both rale (%) of mice bearing papilloma (A) and 
average number of papillomas per mouse (B). were compared with those of a positive control. 

As shown in Figure 3. both soyasaponin 1 (7) and afromosin (1 2), when applied conti- 
nuously before each TPA treatment, delayed the formation of papillomas in mouse skin as 
compared with the control experiment with only TPA (A), antl they reduced the number of 
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new gleditsia saponins arc 3;28-bisdesmosidcs of cchinocystic acid, and the terminal rhamno- 
scs of them arc acylaicd with monotcrpene carboxylic acids. And, Gymnocladus chinensis 
Baiuxjn (Lcguminosac) close lo the Cleditsia genus is widely distributed in south China, and 
the dried fruits of this plant is used as a crude drug in Chinese traditional medicine as an 
expectorant. This fruits also contains a large amount of saponins, and new saponins having 
unique structure were isolated. 




Chart. 2. The Structures of Glediisia saponin C and Gymnocladus saponin G 

The common sapogenin of these gymnocladus saponins is 2(i,23-dihydroxy- acacic acid, and 
it is acylaicd with glycosyl monotcrpene carboxylic acids. These structures were also 
determined by chemical and physicochemical evidence, especially NMR spectrometry. 7 
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The primary screening test of these saponins on EBV-EA activation were examined, and 
glcdiLsiasaponin C (1 4) and gymnocladussaponin G (1 5) exhibited strong inhibitory effects on 
EBV-EA activation induced by TP A. 

As shown in Table 2 T * compound 1 4 exhibited moderate inhibitory effects on EBV- EA 
activation (about 50% inhibition at 5 x mol ratio/TPA. and 40% inhibition at 1 x 10 : mol 
ratio/TPA). Furthermore, compound 1 5 exhibited the most remarkable inhibitory effects on 
EBV-EA activation in these compounds obtained from G. japonica and C. chinensis. It 
showed more than 85% inhibition at 1 x K)' mol ratio/TPA and more than 60% inhibition even 
at I x 10" mol ratio/TPA. and preserved the high viability of Raji cells even at a high concent- 
ration. On the other hand, echinocystic acid. 3-O-giycosyiechinocystic acid, desmonoterpenyl 
saponin C and 2[}.23-dihydroxyacacic acid, showed the strong cytotoxicities on Raji cells. In 
our experiments, the high viability of Raji cells is beneficial lor the following in vivo assay and 
is an important factor in developing a compound for the chemoprevention of cancer. On die 
basis of the results of inhibition lor EBV-EA activation, the effects of saponins I 4 and 1 5 on 
the two-stage carcinogenesis test of mouse skin papillomas were investigated. 

Tabic 2 . Percentages of EBV-EA Induction in Presence of Gleditsia saponins and 
Gymnocladus saponins with Respect to Positive Control ( 100%) 
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Values represent percentages relative to the positive control value ( 100%). 
Values in parentheses are viability percentage ol Raji cells. 



On the positive control. 100% of mice bore papillomas even at 6 weeks of promotion, and 
more than 10 papillomas were formed per mouse after 20 weeks .of promotion.** When glcdi- 
Lsiasaponin C (1 4) and gymnocladussaponin G (1 5) was applied before each TPA treatment, 
they delayed the formation of papillomas and reduced the number of papillomas per mouse on 
mouse skin as compared with the control experiment. In the group treated with 1 4. about 80 6 /? 
ol mice bore papillomas at 9 weeks of promotion and 8 papillomas were formed per mouse 
alter 20 weeks of promotion. Further, in the group treated with 1 5, only 20% and 40%- of 
mice bore papillomas at 8 and 9 weeks of promotion, about 80% of mice bore papillomas even 

* Although many kinds of new saponins were isolated from ihc fruits of G. japonica and G. rhinensis. other 
saponins showed less inhibitory effects than 1 4 and 1 5. 

** In this experiments, the SENCOR mice were used, because these species are more sensitive in the carcino- 
genesis test. 
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I' i^ure 4 . Inhibition ot TPA-iiuliiced tumor promotion by multiple application 
of iilciliisia saponin C (14) aul eymnoclailus saponin (15). 

Treaunenis of all mice were initialed with DM Li A ( I(K) pjjr.-JW nniol) ami promoted 
wah TPA (I jig. 1.7 nniol) given twice weekly starting; I week alter initiation. 
A: Percentages ot mice with papillomas. B: Average number ol papillomas per mouse. 
• . control TPA alone: . TPA + K5 nniol o! glcdilsia saponin C < I 4); ©. TPA + 
S5 nniol ol yymnocladu.vsapi'inn (i { I 5* " "~ - - — -- 
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at I I weeks of promotion, and only 6 papilloma* were formed per mouse alter 20 weeks ol 
promotion. 

These results suggested that the inhibitory effects ol 14 and 15 on two-slage carcino- 
genesis were similar to those of glycyrrhetic acid and these compounds might he valuable as 
antitumor promoters in chemical carcinogenesis. 

SAPONINS FROM PANAX PLANTS 
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A number of damaranesaponins (ginsenosides) have been isolated from several Panax 
plants, especially from Panax .v insvn and also the pharmacological studies on ginseng have 
centered on these ginsenosides/ As a part of our biological studies on anii-lumor-promolcrs. 
the primary screening tests of the extracts of four crude drugs prepared from Panax plants was 
carried out. As shown in Table 3, the extract of Panax noiaginscng exhibited significant 
inhibitory effects on EBV-EA activation (100% inhibition of activation at 500 ng/ml. more than 
90%. 65% and 45% inhibitions at lOOjjg. 50 (jg/ml and even at 10 pg/ml). The extract of 
Panax ginseng (steemed ginseng, so-called red ginseng) also exhibited ihe inhibitory effect at 
high concentration (500 pg and 100 pg/ml). On the other hand, the remarkable inhibitory 
el feels were not seen in either Panax ja\n mica, nor /V//?av ginseng (white ginseng). On the 
bases of these results, the details of the anti-tumor-promoting activity of P. nntoginseng and its 
con- stituenLs were investigated for their cancer chemopreventive activity. 

P. nntoginseng is distributed in limited parts of China. Yunnan and Kwcichow, and is 
recently cultivated in Yunnan, China. The root of this plant, called Sanchi-Ginseng, is famous 
Chinese medicine used mainly as a hemostatic drug and the treatment of hepatitis differently 
from the medicinal use of white- or red-ginseng. * 
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Table 3 . Percentages of EBV-EA Induction in Presence of Extracts of Panax 
Plants with Respect to Positive Control ( 100%) 



Sample 




Coneeniraiion (pg/ml) 1 






500 


KM) 


50 


10 




Panax notoginscng 


0.0 : (60) 4 


7.6 (70) 


33.4 (>80) 


53.8 


(>80) 


Panax ginseng (white) 


38.7 (70) 


79.6 (>80) 


100.0 (>80) 


100.0 


(>80) 


Panax ginseng (nxJ) 


13.5 (60) 


22.4 (>80) 


75.3 (>80) 


100.0 


080) 


Panax ja\xmica 


83.2 (50) 


100.0 (>80) 


100.0 (>80) 


100.0 


(>80) 



: Mg/nil. TP A (20 ng = 32 pniol). 

' Values represent percentages relative lo the positive control. 
1 Values in parentheses are viability percentages of Raji cells. 




H 2 C — CH— CH— C = C C — C CH 2 — CH=CH— (CH 2 ) 6 — CH 3 

OH punuxynol 
Chart 3. Saponins and Acetylenes from Panax notoginscng 



Five dammarancsaponins (ginscnoside-Rb, . -Rh : . -Rd. -Round Rg,) have hcen isolated 
as major neutral saponins from the root of l\ notoginscng together with other minor saponins. " 
Furihoromore. an acetylene derivative, panaxytriol. which had been obtained from red ginseng, 
but not from white ginscng.was also isolated and identified. These five saponins and 
acetylenes were assayed on EBV-EA activation, and these results were shown in Table 4. Of 
these compounds, acetylenes showed significant inhibitory effects (more than 80% inhibition 
of activation at 1 x i() mol ratio/TPA) ; but they have very strong cytotoxicities on Raji cells 
(0% viability of Raji cells at 1 x 10 : mol ratio/TPA, and less than 30% viability of them at 5 x 
10 mol ratio/ TPA). On the other hand, ginsnoside- Rg t exhibited most strong inhibitory 
effects (100% inhibition of activation at 2.5 x 10* mol ratio/TPA, and more than X5%. 65% 
and 35%« inhibition at I x I0\ 5 x I0\ and I xl0 : mol ratio/TPA) in these five saponins and 
preserved the high viability even at high concentration. 
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Table 4 . Percentages of EBV-EA Induction in Presence of Ginscnosidcs and 
Acetylenes with Respect to Positive Control ( 100%) 



Sample 



2.5 x 10' 



Concentration (mul raiio. compound/TPA) 
1 x 10* 5 x I x !() : 



I x 10 



ginscnoside Rh, 


0.0 1 (>80) : 


20.1 (>S0) 


41.7 (>80> 


- 71 K 


(>80) 


100.0 


(>X0) 


ginscnoside Rb : 


0.0 


(>K0) 


22.6 (>X0) 


4X.3 (>80> 


78. 5 


<>80) 


100.0 


OX0) 


ginscnoside Rd 


0.0 


(>X0) 


17.6 (>80) 


3X.0 (>X0) 


67.4 


O80) 


94.X 


OX0) 


einscnosidc Re 


().{) 


OSO) 


18.9 OSO) 


40.7 (>X0) 


69.3 


(>80> 


94.4 


OSO) 


einscnosidc Re, 


0.0 


(>S()l 


12.4 (>K0) 


32.5 (>S0) 


63.6 


own 


91.0 


(>X0) 








C'onccniralion (mul rtio. compound/TP A) 








1 


x 10 


1 x 


5 x 10 


1 X 


10 


x 1 




panaxyiriol 




( 0 ) 


— ( 0 > 


- ( 0 ) 


0.0 


(20) 


64.9 


OX0) 


panaxynol 




I 0 ) 


~ ( 0 ) 


0.0 i'MU 


23.3 




84.5 


(60) 



Values represent percentages relative In the positive control value (UK)'/; ). 
Values in p:irenUieses ;ire viability percentage ol Rap cells. ' not delected. 

l-urthcr. Professor O. Tanaka and his coworkers have reported analysis of saponins of 
yinscnj:. and it was clear that the content of ginsenosidc-Rj:* in the root ol* l\ noto- ^insvn^ 
was more than 10 limes in other Panax plants. " In view ol this lad. it was deduced that 
ginsenoside-Rg. had the inhibitory effects on lillV-F-A activation in itself and. in addition, 
strongly enhanced the inhibitory effect ol panaxyiriol. Therefore.- it .vca.s-<JtfJuccd 4hal the 
significant inhibitory activity of the crude extract of /\ nofoxinscni: is exhibited by the combi- 
nation of ginsenoside-Rg, with panaxyiriol. The inhibitory effects of ginscnoside-Rg, and the 
crude extracts of/ 1 . natnt*mscni; on iwo-stagc carcinogenesis lest in vivo were investigated as 
follows. 



100 -7- A 



-r- B 




5 10 15 

weeks of promotion 



5 10 15 

weeks of promotion 



Figure 5. Inhibition ol TPA-lnduced Tumor Promotion by Multiple Application ol 
ginscnosidc-Rg, and glycyrrhelic acid. 

Trcaliiicnis ol all mice were initialed with DMBA ( 100 pg. 394 nmol) ;uk1 promoted 

vviih TPA ( I ug. 1 .7 nmol) given twice weekly starting 1 week alter initiation. 

A: Percentages ol mice with papillomas. B: Average number of papillomas per mouse. 

control TPA alone; «' . TPA + 85 nmol ol ginsenoside-Rg,; ©, TPA +■ 
85 nmol ol glycyrrhetic acid. 
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In the positive control, more than 80% and 100% of mice bore papillomas at 9 and 10 
weeks of promotion, respectively, as shown in Fig. 5A. Further, more than 10 papillomas 
were formed per mouse at 20 weeks of promotion, as shown in Fig. 5B. On the other hand, 
when ginscnosidc-Rg, was applied continuously before each TPA treatment, it remarkably 
delayed the formation of papillomas in mouse skin and reduced the number of papillomas per 
mouse (only about 10% and 30% of mice bore papillomas at 9 and 12 weeks of promotion, 
respectively, 80% of mice borc papillomas even at 20 weeks, and less than .8 papillomas were 
formed per mouse at 20 weeks of promotion. In our experiments, these inhibitory effects of 
ginscnosidc-Rg, arc similar to those of glycyrrhctic acid which has been known as a strong 
antitumor promoter. 

And, in our laboratory, it was also found that the ginscnosidc-Rg, enhanced the weak 
inhibitory effects of P. ginseng (white-ginseng), when -Rgl was additionaly applied with the 
extract of while ginseng. Further, -Rg, also showed inhibitory effects by oral administration 
on mouse skin carcinogenesis promoted by ultaviolet (UVB) irradiation. 1 ! 

Antitumor promoting Effects of Extract of notoginseng 

As shown in Fig. 6. the MeOH extract of P. notoginseng exhibited strong inhibitory 
effects. When the extract was continuously applied I hr before each TPA treatment (pre- 
treaimcni experiments). 50%. 80%. and 90% of mice bore papillomas at 12 . 16 and 20 weeks 
of promotion, respectively, and only 4 and 5 papillomas were formed per mouse at 15 and 20 
weeks of promotion, respectively. When tins extract was applied 0.5 hr alter each TPA 
treatment (posl-treaimeni experiments), us inhibitory effects (only 20% . 50% and 70% of mice 
bore papillomas at II. 15 and 20 weeks of promotion, and less than I. 2 and 3 papillomas 
were formed per mouse at 10, 15 and even at 20 weeks of promotion, respectively )werc 
stronger than the case of pre-treatment experiments . 




weeks of promotion weeks of promotion 

Kiuure 6 . Inhibition of TPA -Induced Tumor Promotion by Multiple Application of 
MeOH extract of P. noioginscng. 

Treatments of ail mice were initiated with DMBA (100 pg. 394 ninol) and promoted 

with TPA (1 pg. 1.7 nmol) given twice weekly starling 1 week after initiation. 

A: Percentages of mice with papillomas. B: Average number of papillomas per mouse. 

control TPA alone; f"), TPA + treated with 50 mg of MeOH extract of P. 
notoginseng I hr before each TPA treatment (pre-treatmcnt); @, TPA + treated with 
50 mg of MeOH extract of P. notoginscng 0.5 hr after each TPA treatment (post-treatment). 
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u-oi;cs:n-:r-::^n » rnicroniolar);(c^)hiomass concentration in the 
liquid phi** j milligrams per uier);[Cj liquid-phase concen- 
■ ration a: cr^-Hquid interface (micromoIar)^<^\volumetric gas 
now r.*:-:e liters per minute);(<^\ volumetnemquid rlow rate 
• liters re: minute •: ^^liquid side mass-transfer c^c**icient 
i meter* re: minute toluene inhibition constant cf TCE 
uegrada::;- ; .T.icroniotarj; TCE inhibition constant of 
r.-.dation (microinuiar): (j^^i Michaelis-Menten 
■n constant (micromolarinj^olumetric eonver- 
ieromoles per niinute^T^nquid volume reactor 
ume: liters); ^' m:ix . maximum specific coiive ( P3n3as s 
r.oies per minute per milligram of cells)f Y xs > 
overall y.e.d :oerneient of biomass on substrate (milligrams^ 
cells L':: rr.:r:..T:ioie i. Subscripts denote the following param- 
•;iers: X c v -:i;: >>: >\ iirowth substrate: C. cometaboiized sub- 
M-ate - ~ " ' ~ — 



_iate. 0.083 h 



C ^alvrFTaT methods^ TCE, toluene, and oxygen w ere mea- 
>ured b> : h ro m a togra p hy .. Concentrations in the ga> phase 
were ceie — mea aner sampling with a gas-tight syringe (Pres- 
-ure-Lok. >erie> AO). TCE and toluene in the gas phase were 
analyzed --.-.h iiiaizaikia detector The accuracy (stan- 

dard ct: :i of :'r.i> method was better than 5*>. with a 
detection of approximately 50 nM. Oxygen "m the gas 

phase v* i> jinai;. zed on a Molsieve 3 A packed column equipped 
with a :he— ^rciucijiviry detector. With a standard devia- 
tion of .ess :h?.- 5~-. these measurements also had a high 
precisicr.. Concentrations of TCE and toluene in the liquid 
phase were — enured with pen tang -extracted samples (31). 
Sample? -.5 mi; were extracted with i.^ ml of pentane 
<:onv±ir/.-± t.M L-bromohexane as an internal standard. 
Gas ch::m.i-ography conditions were as described previously 
«24 j. Ar. r^^re n capture dete e xor was used for the analysis of 
TCE. -nd - r.z~t ionization detector was used for the analysis 
'f Eoi^e-; in :he liquid phase. The determinations of the 
toluene ir.d TCE concentrations in the liquid phase were much 
less r=r::-d-C;b*:e :han the gas phase measurements: cuncen- 
» rat Ion d_ferer.ee> up to 20% between duplicates occurred 
in a!i of :l~r nine steady states characterized. Oxygen in the 
liquid rhi-r v. %> monitored with a probe, as described before 
(25). 

Chkrice prediction was determined with a colon" me tri e 
uiiay »-l 5. . ~ ~" 

Modeling. A m:\-h-m;uical mode! was used to describe the 
sirnuitur.e: _i conversion of TCE and toluene by P. cepacia G4 
during stf idy-siatc growth on toluene. The model was based 




TOLUENE AND TCE DEGRADATION BY p. CEPACIA 



■ oiucr.c 
hait-sa:-.: 
-ion ra:: 
i workir.z 
r^ic i mi 



Bacterial strain and culture condition s. P. cepacia G4 f( L9j 
■■-as a gif: from M. 5. Shields, U.S. Environmental Protection 
Agency. G :if Breeze. Fla. The organism was grown in aJUlit^ 
fe rmer ,; ; m j • :th toluene as the carbon and energv source. The 
medium _ r.' A~td . per liter) 6.9 •/ of Na ,HPO_ A 'l2H^O . 2.4 2 
ot £!i_P£_^ , -- ; g -:-t : N r H. ).SO^ 0\2 g oT ^IgSOT- /H^O. 30 mg 
*">- v=.'-.s: z::\:icx • BBL Laboratories;-, and 5 ml of a trace 
elemer.'s jJ^X Prior to sterilization, the medii-m was 

.■cid:>.e.f .t;:h concentrated H 2 SG 4 to a pH of 2 to 3 . The pH 
In the rerm = -:or 'v; : s regulated iu 7.2 with 2 N KOH. Toluene 
• md TCE - ere supplied by bubbling a filtered (AC RO 50: 
Geim:-.-. ...r-:cIuene-TCE mixture through the reactor. The 
reec- c: : . . ne - i> generated by passing a stream of air 
through ^ - ..>;< containing pure toluene, which was subse- 
quent'y J.. j:ei into the main airrlow. Addition of TCE to the 
continue :.:!:ure was accomplished by diluting TCF-satu- 
ratco i:-r .;>r containing no TCE and introducing only a 
f : .'i- 't i:* -. : t.v di;u:-d TCE gas into the main ciirrlow (21). 
Other :: r.d:rons vsere as follows: working volume. $£0 n^ i: 
tempe-.Ture. 2> : C: impeller speed. 900 rpm; airrlow rate. ca. 



on the following assumotions{7i))the rate of degradation of 
TCE and toluene by P. cepacia G4 can be described by- 
Michael is- Men iteja- type kinetics adapted to include competi- 
tive inhibition:^} the gas plmse and the liquid phase in the 
chemostat are ideally niLKeci^_niy the overall growth yield of 
the ceils on toluene is not affected by the conversion of TCE: 
and (j jvy mass transfer from the gas phase via the aqueous 
phase to the cells can be described by the him model (31) 
Mass-transfer resistance is supposed to be located solely in the 
liquid phase. 

The model is based on rive equations. For the degradation 
kinetics, Michaelis-Menten-type equations are used, assuming 
a competitive inhibition between the substrate (toluene) and 
contaminant (TCE): 



*5 = - ^av. 



C; , 







The symbols used are explained uhovc in the nonjenviatur" 
section. The constant overall gro-wth yi-.:!d on the -ubstra::: \< 
tfiven bv 



(3} 



Finally, mass balances for both the gas and liquid ph: ; 
formulated as follows: 



fQ i? - CO I*/ - 



- C,j 4- A:^ (C,* - C) V t - /?h (; \>\ 

Determination of kinetic parameters. The k,a values for 
toluene (1.67 min " ') and TCE (i.75 min" 1 ) we're calculated 
from the A'/ fl value for oxygen, using the equation described bv 
Wester terp et al. (32). The k L i; value for oxygen (2.6? min " s \ 
was determined by the steadv-stcte o.waen balance method 
(26). 



The kinetic constants V\ 



(0.U7 umol/min/mg of cells). 



Kiiax.c (5-0 X I0" J u.moi/min/mg of cells), /w,„ c (6 f;.M) ; and 
AT„, s (25 u.M) were estimated from the work of Paul de Graaf 
in our laboratory (6), who determined these values wuh P. 
cepacia G4 growing on toluene in a chemostat at dilution rates 
of 0.07 and 0.09 h" 1 . These measurements were done by 
determining substrate depletion rates in batch incubations 
(30 -mi flasks with 10 ml of medium) containing mineral 
medium, substrate, and cells freshly collected from rhc chemo- 
stat cultures. The flasks were vigorously shaken In order co 
constantly maintain a distribution close to equilibrium between 
the liquid and gas phases. Control experiments uith ihe 
addition of substrate to the liquid phase only indicated that 
rapid equilibration indeed occurred (mass-transfer coefficient. 
k L a, 2:6 min" The rate of depletion of toluene and TCE was 
monitored over a 15-min period by gas chromatographic 
analysis of headspace samples taken with a syringe through 
viton septa. Degradation rates in the liquid phase were calcu- 
lated by using the partition coefficients of toluene and TCE (6. 
12). The validity of the applied method was also checked by- 
comparing separate gas and liquid phase measurements. 
The inhibition constants (K { values) for TCE and toluene 



On the basis of thcs^ffsults, the McOH extract off. norogins^f might be valuable as an 
antitumor promoter in chemical carcinogenesis, and the inhibitory effects by oral administ- 
ration on other forms of carcinogenesis were also investigated. 1 1 

The two-stage carcinogenesis lest of this extract on pulmonary tumor (4-nitroquinolinc- 
//-oxide is as an initiator and glycerol is as a promoter) and on liver carcinoma (/V-nitroso- 
dicthylaminc is as an initiator and phenobarbital is as a promoter) were examined. 

As shown in Table 5. both the total number of tumors in 15 mice and percentage of mice 
with pulmonary tumors were remarkably reduced (the number of tumors per mouse is reduced 
to about one fifth, and more than 4()<# reduction on the percentages of mice with tumor after 25 
weeks) by taking the MeOH extract of P. notoginscng together with the promoter (group V) 

C i ' iTi p U red w i ili tllC p OS i 1 1 vc CO ii in 1 1 g r i ') u p ( g TO up IV ). 

Table 5 . Incidences of Pulmonary Tumors in Mice Treated with the MeOH l:\tracl 
of Panax nataginscng 



( irmip 


Treatment 


total No. 
i»l tumors 


No. i >1 IIIMHH 

per mouse 


1 i ol IIHCC 

wiili lumtir 


1. 


water alone ! 


0 


0 


0 


II. 


K', : ; glycerol alone/ 


0 


o - 


0 


III. 


4NQ( ) + waicr ' 


1 


O.Od • 


h 7 


IV. 


4N(K) + S'.; glycerol 4 


45 


vO 


100 




4NOO + S'.*; glycerol 








V. + 


ex! til /\ Ht*h*{*it\Si'n\i 


10 


o.o7 


5.v.< 



( 1.0 mg/100 nih 



* Without initiation, drinking water alone. " Without initiation and S'-i glycerol solution has been 
drunk as l he promotion treatment instead ol drinking water. ' Initialed with 4-mir oquinohnc-A'-oxidc 
(4N(,)(). 0 ..t me/mouse. subcutaneous uiicctioii). aiki drinking water. 'initialed with 4NO( ). ;uid S'i 
glycerol solution has been drunk i loi 25 weeks) as the pr omnium treatment instead ol drinking water. 

Initialed with 4N(H). and X'/; glycerol solution including the extract ol /'. notoxiti.wtu; has been 
drunk f tor 25 weeks 1 as the promotion treatment instead ol drinking water. 



Table 6 . Incidences ol I lyperpla.sia of Liver in Mice Treated with the McOl I 
lixtract of Panax nofoyinscnx 

r r „ T „ , n1 total No. ol hviKjr- No. (»l hyperplastic ol mice with 

Oroup treatment . . . . . * 1 1 . . . . , % 

1 plastic nodules nodules per mouse hyperplastic nodules (',, ) 



!. water alone 1 0 0 0 

II. ().<W'S PB alone : 0 0 0 

III. DEN + water ' 0 0 0 

IV. DEN + ().<)¥'* PB 4 47 \.\ .\ 100 

DEN + O.OW'.v PR 

V. + exi ol P. notownscHt! * 23 1.5.'* 4o.d 

(2.5 in i!/ 1 00 ml) 



'Without initiation, drinking water alone. "Without initiation ;md i).W'A phcnoharbilal iPB) solution 
has been drunk as die promotion treatment instead ol drinking water. 'Initialed with N-nitrosodiclhyl- 
amine (DEN. 1.8 mg/mouse, peritoneal injection). ajxl drinking water. ^Initialed with DEN. and 

PB solution has been drunk as the promotion treatment instead of drinking waicrt lor 25 weeks). 
s Initiated with DEN. and 0.0 C >% PB solution including the extract of H. notofi'msenfi has been drunk 
as the promotion trealmeni instead of drinking waier dor 25 weeks). 
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Pseudomonas cepacia 04 is capable of cometabolic degradation of trichloroethylene (TCE) if the organism h 
grown on certain aromatic compounds. To obtain more insight into the kinetics of TCE degradation and the 
effect of TCE transformation products, we have investigated the simultaneous conversion of toluene and TCK 
in steady-state continuous culture. The organism was grown in a chemostat with toluene as the carbon and 
^energy source at a range of volumetric TCE loading rates, up to 330 u.mol/Hter/h. The specific TCE degradation 
activity of the calls and the volumetric activity increased, but the efficiency of TCf£ conversion dropped whei: 
the TCE loading was elevated from 7 to 330 u.mol/liter/h. At TCE loading rates of up to 145 umol/Jiter/h, rh^ 
specific toluene conversion rate and the molar growth yield of the ceils »vere not affected by the presence of TCE 
The ro.-poii.se of the system to varying TCE loading rates was accurately described by a matlTemTiticariivjdei 
has*-:? on Michaclis-Menun kinetics and competitive inhibition . A high load of 3,400 u.mol of TCE per liter per 
h for -2 h caused inhibition of toluene and TCE conversion, but reduction of the TCE loan to the origin-*.; 
nontoxic level resulted in complete recovery of the system within 2 days. These results show that P. cepacia can 
slabh rind omtin uouslv dear,i tl«.?ulin>nt > ? >nH TC %: ^i™" l> r meously in a single-reactor system withou t biumuss 
r_ejejUion and that the orgauism is more resistant to high concentrations and shock loadings at' ILL fnTT n 
b U ikv lo sj iny frichosporhtm Qr<3h. ~~ " 



Miisi :iu*oohait:genated hydrocarbons c<an be used urov.-ih 
^ubsvrarcs :?y specific microbial cultures, while compounds with 
-:wo or more halogens per molecule: arc generally more recal- 
citrant, especially w! ; cn rhe halogens are hound to the same 
■.'arbor* atom ' 17). i'he latter compounds, however, arc usually 
biodegradable via cor^cunv.jilc transformation processes, pro- 
ideJ that they have* at seas* or.?; carbon -hydrogen bond. 
Samples of such compounds are the dichloroethvlene s. rri- 
_>:hU.»roethyiene (TCE *. i. i-c:ichloroeih:tne . -trichloroeth- 
jjili, and chloroform {X ]\ 1 7). Cometabolic conversions of 
halogen a tea compounds rely on nonspecific enzymes, usually 
mono- and dkwygenases -.hat do nut specifically cleave carhon- 
haiogen bonds but produce unstable intermediates that release 
"mil ides by chemical decomposition. 

The best-studied compound subject to aerobic cometabo- 
hsm is TCE ." A whole senv- ol organisms have been shown tu 
converi this compound, and attempts have been made to use 
'.hi* knowledge for the development of bioreactor systems for 
application in various Ranches of environmental biotechnol- 
ogy. The most critical factors in deciding which organism(s) to 
take for such b'oreacuv systems are the specific activity of the 
cells for TCE and the possible formation of toxic intermedi- 
ates. On rhe basis of kinetic criteria, both methanotrophs and 
toluene oxidizers are vukable candidates (7). In meth- 
anotrophs. however. TCE conversion results in inactivation of 
the cells { !. 1,5. '3, IV. 30). 

r f J endonwtuis cepac i a Q4 is the best-known representative of 
the group ot tr^uena oxiruznu^J^t ^b-degrading bacteria n s~ 
ZTrrTtre uiganiMi, has bcen"isolaied specifically .for its ability to 

■ Corresponding author. Phone: 3 1 :50-63^UOs.. Fax: 31.-50-634 165. 
v Present address: Research Institute- for.' Agrobiology and Soil 
fertility (AB-DLO). NL-9750 AC" Harcn. Trie Netherlands. 



convert TCE. The wild-type strain needs } 1k presence of an 
aromatic compound such as phenol or toluene for rhr iauue- 
• ion of the TCE-oxidizing enzymes . Kinetic evperlnic;u< •■vl;l: 
phenol and TCE have leu to the su^ieestion rl-at rhe ?mat:c 
compound and JT CE cqukl be competitive' 'mh'ibirors ( 10. 1 1 ) 
This indic a.t.ejLCnat.iLtna y be ineft idemjo d egrad e TCJ^UL-tiisL 
prese nce of an aromatic growth substra te! 

THe development of a hj oreactof sv>fem "fnr the continuous 
degradation of- TCE 'from air with P. cepacia G4 as the 
biota talyst requires more quantitative data on the kinetic 
characteristics of the simultaneous conversion of -he aromatic 
growth. substrate and TCE and on the possible toxic effects of 
degradation products of TCE. The stability of the reactor 
system, which must, degrade TCE constantly over a long 
period, and the ability* of the system to withstand varying 
concentrations of TCE are also important factors. In this 
paper, we describe the kine tics of simultaneous TCE and 
toluene deg raaation in continuous culture. We also present a 
mathematicaT model that accurately describes the observed 
-kinetics of TCE and toluene degradation. /*. cepacia G4 
appeared more resistant to high loadings of TCE than the 
methanotrophic TCE oxidizer tWethvtosinus tn'chnsporium 
OB3b. 



' MATERIALS AND METHODS 

■ Nomenclature. The following parameters are used in thh> 
.ipapenVjj interfacial area (square meters per cubic merer); 
.- gas phase, concentration in the reactor (micromolar); C v inlet 
•v::gas phas'e.conceiitration (micromolar); C. liquid -phase con- 
centration in the reactor (micromolar); C^ j9 irict liquid-phase 



Furthermore, the inibitory effects of P. notoginseng on liver carcinogenesis arc shown in 
Table 7. In ihc group of V taking the Me OH extract, the total number of hyperplastic nodules 
on liver was 23. and the percentages of mice with hyperplastic nodules was less than 50*. On 
the other hand, in the positive control group (IV group), 47 hyperplastic nodules were formed 
and 100% of mice had hyperplastic nodules after 25 weeks. Therefore, the MeOH extract of 
P. notoginseng reduced the formation of hyperplastic nodules on the two-stage liver carcino- 
' genesis lest. These results of our experiments strongly suggested that P." notoginseng is 
effective as an antitumor promoter on not only the ski ntumori genes is but also other carcino- 
genesis of the internal organs. 



CONCLUSION 

From the results of our experiments described above, it was concluded that several iri- 
lerpenoid glycosides and crude drugs containing saponins exhibited antitumor promoting 
activities on chemical carcinogenesis, and some of them strongly enhanced the inhibitory 
effects of other constituents. These compounds might be valuable lor cancer chemoprevenlion 
by natural products, in the ease of the hepatitis or the prevention of cancer relapse, we should 
consider to apply the ehemopreventive agents to reduce the severe side actions of anticancer 
agents. For the application ol natural products to chemoprevenlion. we have nany problems to 
be solved, and one of the most important problem is the inhibitory mechanisms of these 
compounds on chemical carcinogenesis. Therefore, in many laboratories, the search of new 
antitumor promoters from natural resources along with the studies of the elucidation of the 
mechanisms is in progress. 
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STEROIDAL SAPONINS FROM THE LILIACEAE PLANTS AND THEIR 
BIOLOGICAL ACTIVITIES 



Yoshihiro Mimaki and Yulaka Sashida 

Schwl of Pharmacy, Tokyo University of Pharmacy and Life 
Science, Tokyo 192-03, JAPAN 



INTRODUCTION 

The steroidal saponins arc plant glycosides and they often possess properties such as 
froth forming, hemolytic activity, toxicity to fish, and complex formation with cholesterol. 
Some of the steroidal saponins isolated recently have been shown to be antidiabetic. 1 
antitumor,- antitussive^ and platelet aggregation inhibitors.^ These reports have prompted us 
to carry out systematic studies on steroidal saponins of the Liliaccac and Agavaccac^ plants. 
Our studies have resulted in the isolation of a number of new steroidal saponins including 
cholestanc glycosides and steroidal alkaloids, some of which appeared to possess unique 
chemical structures and exhibited significant biological activities. In this review, we present 
steroidal compounds with novel structural features. The positive inotropic effects of steroidal 
and tritcrpene saponins asscxiatcd with inhibition of cAMP phosphodiesterase (PDE) and 
antitumor activities of cholestanc glycosides arc also presented. 



STEROIDAL COMPOUNDS WITH NOVEL STRUCTURAL FEATURES 
Spirostanol Saponin with an HMG Group (1) 

The genus Allium with (zi 500 species has a wide distribution in the northern 
hemisphere and is known to be a rich source of steroidal saponins as well as sulfur-containing 
compounds. Although the Allium plants arc classified to the family Liliaccac, because the 
flowers have superior ovaries, there arc some botanists who have an opinion that they should 
be placed in Amaryllidaccac because of the umbellate inflorescence, while others weigh one 
opinion against another to classify them to their own family, Alliaccac. 

Allium albopllosum is native to Turkestan and cultivated as an excellent cut flower. 
No publication can be traced concerning the steroidal saponins from A. albopilosum. 
Analysis of the bulbs of A, albopilosum led to the isolation of a novel steroidal saponin with a 
3-hydroxy-3-mcthygIutaryI (HMG) group at the aglycone C-2 hydroxy! group (1 ). 6 

The absolute configuration of the asymmetric center of the HMG moiety was 
determined by the following chemical correlation. Alkaline methanolysis of 1 with 3% 
NaOMe in MeOH gave HMG monomcthyl ester (la). The methyl ester moiety of la was 
reduced with UBH4 in THF at 0° for 3 h, and the reaction mixture was allowed to stand in 
acidic condition for 72 h to give (3/?)-mcvaIonolaclonc (Figure 1). Thus, the asymmetric 
configuration of the HMG moiety was confirmed to be S. 
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